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1 

S^, 10 

mmmfxhnx. 

mipmmmcomitm^mi,zi5\^x . tmrnrnt 

yrji^;i^^-ipm^j:^i}^m^zpm^mmi)m 
^j:m3tm4cnm:mmmtimm^tix^j:^p 

mtvtzm.. ^L<tmLrzim\>z. K\Az/<yv^-^ 

mvtiuu. ^t<\mtt:miz^ sv^^^vk^^ 
^j:m3tm4comitmmi^mtimm^tix^j:6p 

l<omm^i^m\i. luEm2co^fl:1W^«=SJ:0 

:^^Vm>K^^ 'yrx:t';l^:^-t B?iSm2£0m!te^ 

(is^Ji5 1 liiE^ 1 (omitwmi^mfrztsux . m 
^2<omm^^wmiz)&m'rhm(^nmpmm^ 40 
mmsm 2 cr>nitmmmi)-i^m^tim^iz}tn l 

mw^ix 1 01 vcna'-i X 1 o^^xc^(oimizh 

0. ^2C0^fl:!BJ^«cli?5nS:ftt!|*f?S^'l X 1 0 

1 liflBm2£0g{b!fe4^«c® J: 0 

;*:^Vvx'yh':^A"yrx:f;l.:^f-fcf^2(?Dm!to^|^ 50 
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2 

[ItOTS] B!)Em2^^fl:!fe^ft^(Ci3V%T. |g 

^^Mem 1 <7)mm^i^m^-£^mfzu^^ztiMt 
iij^ix 1 o»Vcii3OTraiO. fi^2co^{t!ti! 

^^frSconM^miBsig^l X 1 01 VcB^-l X 1 

o^^/c^<om^x'hhm^m7Xits^<7)m^m^ 
imm 1 0 3 Boiem i comitmmi^mitA \ y g 

ai-vN (0<Y<1) **^,^0. HUieig2C0g^!|W® 
Mm nxGai-xN (0^X<1) *^^.^-&M^«4 

[^^1 1 3 l(ilfim2i7)^^l:!B5^«cS*^GaN*^ 

[ if^ 1 2 } IgE^ 1 co^^b!Bj^«cM« A 1 1 G 
ai-xN (0<X<1)*>^^^:0. BinaiS2iOM^1*5^ 
#i<s^tiAlYGai-YN (0<Y<1. X>Y) ij^^^j: 
^mm4 9 CO 9 ^co 1 ot::EmcOM«^flc^ 

[ft^ 1 3 3 md^ 1 iO^^ifis^i^cSXtiBaieig 

=5rv^it^4-l 2£0^-^cov^-rit*-l-:>tc^iOHfl: 

^mx ^±^^^pm^mm!^mt^^^mmm2 

immi 5 3 Bmm3(7)mm^i^mizti\,^x. 
mm4 (omimmmftZjmi-^^^cT) p m^ms 
im^mmm4 (T^mifmmi^mt^^mti^^mzim 
LT/h$ < L:^^^ 1 4mL<^^itwmm^, 
immie] mBm3<7)mitmmim<opmm 

mm^l X 1 0»8/ciI|3'-l X 1 021/c03O3Mt3S» 

0, ^4iOg>fl:iH9^f*:M£OpS^«i|mS)E?^l X 1 0 

2oxci^OT-c*>&if^i ixJii2ie^ioMib!B3^ 

tif^i 7 3 j|irifipiffl3i;?^j@^&^Mtci3v>T, fiie 
m3co^<l:!f$5^«=^ti. mism4<7)mm^imx 
*)±ti^^<y K^^ -y rx^^u^- 1 H«iBI^4co^{i:!tii 
^mx^A^^\^^pmr-m^^ti:^r^mm2 
xii3im<7)mitw^mim'f. 
immi 8 3 m§im4c^m.immii^mi,zi5\.^x. 
mm3com.-immmiz^t&m^(^pm^^ 
im^nmm3<7>mit^i^mi}^i^mvf::m^{zim 

[iwsi93 ms:m3(7)mitmmm€0pm^m 
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3 

mm(opm^wmsi^i x i vc^-i x i o 

£^^j:^mm2 0sm(^mitmmm^. lo 
[mm 2 ] mdmscT^mm^wmitA i xg 
ai-xN (o<x<i) Mem46oa{k!tw 

S(*:JitiAlYGai-YN (0<Y<1, X>Y) *^/^>^ 

Iiff^3l24] l«ienM;^@<&i^^*ci5^^r, M 20 
0::^^vv<yH4r^ "y7-x^;l.^-fc|rna^2<;o^>ft:i|4l 

[mm 5 } mm i <r>m<mmm<^ nm^u 

!M^*«lXlO»VcB^-lXlO20Xcn?COOT'Cft 30 
oT. m2C0^^^%j4^i<|c®C0nS^ttiB3iiaS3^ X 1 
01Vcid3UIT-C$>0*^0. 

Bu£m3£0^fl:!|^^«c^i^pM^ti6iB5lg^l X 1 0 

^im^m<7)pmpfmam^i x i o^o/cm^ti 

O^^S' VVN'y H^A- 'yrx^;P^-i:fiiem260M{l:!to 

^^yy'ji^fu^-tmism4(7)mit^mmmx 
V ^ p m^wmm, t^^i-h mm 3 ^^^7)^^%^ 

im^m 2 7 } iqra 1 (7)^itmmimco nm^n 

im^^l X 1 0* VcbP- 1 x 1 o^o/ciPora-c*) 

oT. m2£7)a^!|ij^«smiOn^^tt1^lSi^l X 1 

m^3<omim^m<r>pmmmmj^ixio 50 
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4 

pM^!ftj?g]^l X 1 Vcm^-l X 1 O^i/cmSiO 

mi(o^immm^i. mm2<7)mim^mx 
^±t\^viy H^A- 'y rji:^)]^^-tmsm2com.{m 

Bmpm^^m^miz^^^x. me^3(^^itwm 
wmit. m^4(Dmm^mx*)±^\*^<y\'^ 

!iM^ixioivaB3OTr*oT. mssm2(om 
itwm^m(onm^mmmi x 1 Vcm^-i 

X 1 O^o/cB^comS^^^t-^. 

mm3comiti^^mcopmpfmmmti^i x 1 0 

18/ctf-l X 1 O^i/cv^COWmThr^X. m^4c0 

mimmii^m(opm^M^mmi}^i x 1 o^o/cipm 

mi£?)^^l:!tij^«c^*i. B?^2co^fl:!|*5^f*c®j: 

fiepm;^j@i»®t::fcv^'c. Buiam3coB^^i!i^ 
m^4<om^m^^mxo±^^^^<y)'^ 
^ 'yr:ii:^}u^-tmmm4<Dmimmi^mx o/h^ 

imm3 1 3 Bi^i^oM^bW^f^Si?5n^^ 
mm^nx 10'^ /a!^m'Th->x. mss^2com 
im^p^mc^nm^mmmfix 1 o» vcm^-^i 

mm3(Dmitwmwm<r>pmpmm^tfii x 1 0 

pWPfW^m^l X 1 OiVcm^—l X 1 02i/cii3i7) 

mi<nmi\:Wmm\^A\HGai-YN (0<Y<1) 

HU^2tO^{t:!B5^M*iI njGai-xN 
(OgX<l) A^^,^0**^. 

iinapiiM;^®^Si^®tci5<.^T. iiiem3£o^^!B?^ 

i«|:lliAlyGai-YN ( 0<Y< 1 ) . fliem 

4COM^b!|ij^f4c^tiI nxGai-xN (0^X<1 ) 
^>^r^ii^:^2 4-3 1 ct) 9 ^co 1 ofc:iem<OM^t!|W 

Cii^3 3) BaiBS^2tm4comi|W^i4:^W 
^Mtl. G a NA^^><i:5iKm2 4-3 1(7)9^601 
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5 

mi<7)^itWrmi^mitAUG3Li.xN {0<X<1) 
(0<Y<1. X>Y) 

fifcSiiAlxGai-xN ( 0<X< 1 ) A^^^SrO. 
4C0^fl:!t*j¥^f*:JitiAlYGat-YN (0<Y<1, X 

>Y) t^h^j:m^24^3 i<Doh(oi-?izmmco 

V >r V h' -r® -Cft ^ 2 4 — 3 4 i7) o -^iO 1 -:>t3 

m^3 7mm<7)^imm^^, 
[m^m3 9 ] mimim^^m^^ii. inesM 

im^mx'hm^ i -3 scodib<o\'^~mb^ 1 -:>c 
m'fxh'ox. 30 

[mm 2 } fi^3ib!f-< }'mtmmt<om^^ h 

vv\-yH^'V'yrx:^;l.^-^WL**o]MO. ljum 40 

tlTiO^fl:!|*j^i*^J;0=^ts^^'yr®*^fi£$^i, M 

tttmm4 2t,zmj7yn^wm^m. 
{z^^^^hXokz^mmB^Lti^.n^^iitm so 
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[0001] 

{m<nmtmkm\ led {m.y^ 

!B94^f*: ( I nxAlYGai-x-yN. O^X. O^Y. X+ 
Y^l ) ^fflV^)t^^tc|g~rS. ^WSt^fcV^ 
TfiEffl-r«>HR^I nxGai-xN. AlYGai-yN^i 

mzm-m^m(^m^i:^i-i>(ox'h->x. m^j: 
hmi}m!iim-'<m^x^^tix\-^xi>. m^^^o 

m(^m. Yfi3&«-^LTV^a*li:$r5^*>OT*i^v^, 
[0002] 

feLEDiOM^fctr. 7;P;)&v-LED7'>fXrU' 
he0^nf^<^XiZ^m^il^LEDi±^ InGaNi 

*)^j:mrm^^hM.-m^^pmm ( s qw : sing 

le-QuantuB- Well) . ^L<ti^Sfl^#Ffilii (MQ 
W : Multi-Quantum-tfell ) (O^j^MiP. nSM'fhJB?^ 

P^mt pmmi\:^^^imb(omffzm^tu::yf}w\r' 

^mm^^LX\^^h. nGaN 

[0 003] *aiiaAti. mmmmm^'^x 

JVUXn^T^ m.UT(04 1 0 nin^01/-if5^$:ift|^ 
XWyX^mttimtii. Jpn.J.Appl.Phys.35(1996)L 
74. Jpn.J.Appl.Phys.35a996)L217^}. 
i^ti, I nGaNJ:0=5:^#F^$:ffll^:t^SS^#F 

(g2;«s. JVUXmm2ms<r^^X. IHi^6 1 0 
mA. g|fi^??S8. IkA/a&K 4 10nm£7)|| 

m^^-t. ^hiz. ^j^tiemt/cP-ifSi^^Appi.p 

hys.Utt.69(19%)1477tfcV^r^L:^, ClcOW-lf 
S^li. pMM^t!Bj^«c®co-g»tc'J-yi^':^h^-fr 
*J?^fi£$ii7t^85g^^LT*>0. >'NVl^;^(il/is, y\VU 
>COTlms. T^-T>f-it0. 1%T. M^ggl 
87mA. g3^i€r£?&J^3kA/cffl2. 4 10nmC0% 

1996^12^20# tmmi. Appl.Phys.LeU.69(l 
996)3034, Appl.Phys. Lett. 69(1996)4056 m). Z<7yU 
-ifS^i:2 0'CtciD>.>T, mmn^mm . 6kA/ 
cid2. mmME5. 5V. 1. 5mWfiJ:^jtCt3V^T. 2 

[0004] 
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ltfeLEDtiJ!l:;^|fiim^(I f ) 2 0mAT. M 
^lea^JBE (Vf ) *^3. 4V'-3. 6VJ)0. GaA 1 
A s ^(T^^X •? L E D tlifc^T 2 Vl^Ltm 

[0005] u-^=iFcDmmm&^i&r^^i> zttf^ 
T'^ntf. ^(mm^LEDm^izmm^^t. led lo 

[0006} 

mt:m:^mm-mi^t'tt;it(,zx^. mmmm 

^tix^j:hm{m^im'f-xh'^x. tmnmmmio 

<Dmim^mtimm^tix^j:t n^;^m^m 
ir^-tiyzt^^mt-Th. ztiirzx-yx. im^mx 

x\ nmnm(mitwm^m<r)^b Lxcmu^4^ 

[0007] tti^w^i^m 2 (mim^m^Fii. 

mmmt<omm^^tix^j:mit'mmm'fx 
h^x. mBpmmm<r>m.itmmmi>zii\,^x. mm 

x^j:^pm^i^mm'm^^i-t:it^mit^^. z 40 
iiizx-ox. m^mxii&^^itf::m.{tmmmcom 

(7>mtLxcrmL^A^^<x^h. i^-c. pmw 
t^mmtJEmm ipmm) b<^mzhhm.im^ 
m^mi. nmmmtii. f^m^i^A.Tpmmmt 
mmizh^^immm^^h<^t^^. ^jrn. 
m 1 <7)m.im^m m2 <7)m.w^mim t comm 

[ 0 0 0 8 ] ^ ^iz^^comscomms^im-r 50 
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ti, mm^. nmmm<7)mim^mtpmmm(o 
^immmt(7im^m^^tix^j:h^itmmim 
"^xhnx. md.nm'WSk<mitwmwm^zn\yi:. 
mimmtnMim.. mL<\mLtim.^z. sv^ 

^ixx^£hnm.^mm-m^^L. m^pmmmcom 
m^wm^ii\i^x. m^^^mtmitzm,. 

z.ix\.zx->x. mm-mx-m 
nmmmmpmms!i<om.<tmmwm<r^wtL 

[ 0 0 0 9 ] *^^£Olg 1 Xfim 3 

^^r')rmtw>ti.x<7>nm^y^vYm. m/^^ 

mtLxmmixh, ^2x\tm<^m.mm^ 
^Tti. p^mi^mm-mM. pmmmi^^ixhpm 

m^'m<7mt^^^hpm^^ hm<^i^^o 

[0010] ^mncom i mm3(^^m^imf 
X'ii. m^mitzm^x^<y}'^^ yrj^:^fu^-<nrk 
t ^cm 1 comitmmmm^mmm^^<y k^^ -y 

rx::^;^;^-C04^$V^^2^7)H^!|^|^f^cl^7>:f^!B^ 

mzmtX. :ki^<LXi.X\^L. /h^<LTt>j: 
v\ Iafemi£0^^l:!fe^f4c®<7)^tt1^jia^i&l^2i7)^ 

i\:wmiiiim(^^^}mizimLx±^<uc^. 

cO/h$v^|g2i7)^^!B5^(4c^tcaAr^. ^^iTJt 

<Dmjmi:A^^<v^^. CUV. ^^ms\mizts\^ 
X. nfmi^^=fmtP^^m^mtt:msLx 

[ 0 0 1 1 ] memi<o^imm^mcr>^¥m 
m^:m 2 comitwmm<oTMmimiz\mLx:k 

<^mi<omitmmp^mizi5\,'^x. m2<mitmmii^ 

iipm^mm^. m2com.iti^^wmipi^^tifz 
mizmtxn^^Kt^ztmtLw ztuzx^ 
X. m2<Dm.itwmi^m^^^mth^-^vrif. m 
m&m<Dr^mii,zX'>xmL^tii><D^:m±X'^. 
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[00121 mi^wtcti. ^ 1 , m3(^m:mmm 

K^mitmrnmconmr-mmm/^ i x i o^ vca 
a-ixio^o/ctfio^fc:**'). m2<nmtwmi^ 

< 1 X 1 0 1 Vcib3 i;ir(,z^t^ z b ij^nt l 

^W^«c®c7)nS:m!|i5m^*i. iXlO^VctfmT 
X'hhilti}^X^mt<. lXlOiVaD3tlT-C3^ 

[00 13] tfz. ms^Kommmmc^mi 
mm^:m2i7)mitmmmco:mmm\>zimLxyh 

^<Lti^.m^2<om'mmi^m^is\.^X.m 20 

mmmmMwmt:m2€^mm^i^m<r)^m 
'mm\.zmtxA^^<irzm^. ms^i<omLm^ 
mii^m<^nmr-mmm^i x i o^ vcn^mT-csb 
0 . md^2<7)mitwmi^mconm^wmmp i x 

1 01 Vciii3-1 x 1 0^<i/cji^<omSX'h^Zitif^nt 
XlOis/cm^OT. ^i^t^lfiL<«ilXlO>V 30 

cm3OT. #tif^t<tiryh'-r (u ndop 
[00 141 tfz.,mmmco^itmmwm^v 

-t*:^<rt*fr§2>AlYGai-yN (0<Y<1 ) XB^ 

T'§5 I nxGai-xN (0^X<1 ) TJ^^'t'SC: t*^ 
[00 15] i/.!, ^liSltX^3£?)g^!t*»^(*cS^*C 

ssmicom'immm (a ivcai-YN) 
^it^zbipx^KD-c. mm-m<mm±mbx^m 
{ooi^\tiz.mimm<^^^wmm=i'T so 
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jgt&?lti5»,^r. auiami^0Mfl:!Bj^«t^liA 

ixGai-xN {0<X<l)xm^L. m^m2aM.^ 
!|i?^fr®tiAlYGai-yN (0<Y<1. X>Y)T' 

[ 0 0 1 7 ] $ i^>tc. insm 1 co^^!B5^ii|caxtila 
[0018] *^£0li^2&lf|^3t0^^!Rj^«cSi^ 

T'is. m^m{zii\^x)^yv^-T^v~r:si^fv^'-<7xk 
^^xmscnmm^^mmmm^^f'^y Y^^r -v 

l?iei^3co^^l:!t!!l^i*c^c0^it!5iaK^^4cO^ 
60/h?V^|^4<7)^^b%^it:Sl:aAr^. m^^Mi 

[ 0 0 1 9 ] m2&tfig3co^{i:!S}^i4c^^r 

(i. Mem3£0M^t!tll^M<^^tfi!t%l?gJgS:^4£0^ 

mFf^m<rim<^mtwmw.m\.zii\^x. ^A<r>mt 
wmwm\.z)mttm (mr, ie^ip^tt^o, ) 

U^\,zmLLxA^^<^t:itt(^ntV^\ Cim^io 
T. m4c7)^>fb!fe^^^s^4>S:^itrt^>^^'Jr*«. m 

m4c0^^l:!t*J^i4cMc7)#i!)^S:$^M<T§. jgtS 

[00 20] iTt. m2, m3<7)mtwm^=f-^zi5 

wmmwm0^wm^^zmtLx±^ < Lfzi% 

f<^y^^^ 7rx.^}i^^-if^±%\^m3<m.m^ 
mwm<7)pmmmm^i x i oivctf-i x i o 

$<*>ol x 1 0^^/a^m\,zWi%-th:ibi^X 

^±>>'N'yH^f-\"7rx4^;P^f-*JyjN$V^m4iO 
^{fcittj^i^sMtil X 1 OiVcm3OT^j^^^t*U 
OiHF^t<. lXlOi8/ci^WTrS>&Clfc*«^<i>(C 
i?^Lv\ i^i?^. m4<^m!|i!l^«c^«0^i!fJg5: 

wm^ryY~ym. m%-^^^mimzY-rL^j: 
[00211 ^^. m2mm(om.^^mm^\,z 
<r>mm^m'm(n'KMmmzmtLXA^^<Lfz^ 



(7 

1 1 

[0 0 22} tti. m2mm3co^iti/s^im^i,z 

^tfi!ti!lit^lXlOl8/cB3-lXlO*'/c»3£^gm 10 

Th^:itmtu\ msm3<D^immm 

OiVcm^mr. #tif^L<tirvK-r (und 
ope ) , -r^t>^, ^^i5i&SSWt::K-TL^:VvK 

C 0 0 2 3 ] ^/i. ^2atfm3i7)^^!fe^ficS^tC 

< A-ofe^^Oi t ^JiS:^^;^ it ^ t t^T^ 
SAlYGai-yN ( 0 <Y< 1 ) TJg^L. Biriem4C0 20 

^3i7)^^b!B5^^^ (A lYGai-YN) ffE^ 
4iJ5g>fl:itl9^«cl (GaN) t ^PltHH^^'-C^^ 

[0 0 243 m2&x/m3<Dm(m^im^iz 

tJV^T. ffiem3iO^^!|*5^«c®tiAUGai-xN 
( 0<X< 1 ) -cmt. B«rEm4(7)^^Life^f4s^« 30 
AlYGai-YN (0<Y<1, X>Y)Tm^tXi>X 

[ 0 0 2 5 ] if.:, |g2XlX|^3^0^^!tW^f4cS^^C 

fcv^T. mm^3(DmimmmxiimmH4ir>m<t 
[0026] m3<r>m.immm'Fxii. m^nm. 

.y7'x^;l.df-3^'luEm2i0S^il*»^«cJgfi0yN' 

itTtj^^i^cMi?? n m^mmmm^ 2 (o^im^ 
m<r>nmpfmimix^^<. t-b^h.mmpm^i^ 
mmmifzn^^'^x. ms^3com.im^^ii^meo^<y}' 

wmmcr>pm7pmm^i!^m^4 comitm^i^ 
m(7)pmmm^x^n<B^^:itijiX'^h, ^ 

1 X 1 017/cB^-i X 1 o^'^/cj^co^mxh-yx. m 
2<r>mitwmmconm^wmm^xxioi^/cii 50 
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mTx$>*)i)-->. tmm3(omitmm^m^pm^ 

Wmm/^l X 1 Ot8/cm3'-l X 1 O^i/cnPiOMT 

ftr>T, m^4(Dmitmmwm(^pm^mmm^ 

[0027] tt:. m3<7)m.im^im'fxii. 
nmm^mizm^x. mdmicomitmmm 
a. m^2(Dmm^ii^mx^±^i^^^y}^^Ary 
rx^}u^-tmsm2<omim^mx o±^v^n 

m^mj^m^zii^^x. ms^3(D^itm^mm\i. 
mm4<r>m.<twmwmx o^^^^^vx-yK^^^^yrx 
:^)u^-tmssm4comim^mJ: o^h^^ v^pm^ 
mmmt^^'rhXdiz^^h::tti^x^h. ^<n 

XlOiVcm^-lXl 020/cii3iOgMT'fcoT. %2 

<rmcmmm<nixm^mm^\ x 1 o» vc^ 
mxwis^. mi^3<rmcwmwm(npwm 

Jjiiiai^lxiO^o/'ca^mT-C^)*). \zh'^^ %4<n 

mommwm(npwc-wmm.ii^\ x 1 ois/c^- 
[0 028] ifv!, ig3o^<i:!iJj^i*^i^'e*i. ine 

ti, f?n£m2£7)a{t!|*l^flc«J: / 
rx^;U=<F-tBU^2iOM^!B3^flc®J: O^h^v^n 

uT. iir^3ioM<bW^«c®ti, mi^4am^ 

^^mX O^^VVN-yK^E^^-yT-XJ^./W^^-fclqiem 

J^l X 1 Oi^/crf-l X 1 02 0/c#O^HTA»)*^ 
B^3£7)M^b!B!l^f4t^c^pM^!t*!Iia^=«J«l X 

1 oivcn^-i X 1 o^^/i^<r>imxh->x. 
4<rm.^wm^m<r^pm^m^'mji^\ x 1 020/ca 

[0 0 29] ^(>\z. ^3<7mcwm^'^x\t. m 
^ivm.^w^m\zii\^x. m^\<mA\^mm^ 
m\t. mM2<rmm^^mx'^±%\^f^vY^^ 

.y7-x^;U^-fcHalBm2<:7)^^!j|ji|£#«c® J: 

tJv^T. iriieS3to^fl:!H5^«c®(i. MeiS4i0^fli 

^hXo\,zm^hZ.>iif^X^h. ^CO^. BiT^l 
i^^^b!fi5^«c)i<=0nM^!|*!RgJ^l X 1 OiVca? 
mTT^>oT, Bfi^2^0M^!ftj^«s®t7)nm^«!H3 
iil^l X 1 0» Vci|3-1 X 1 O20/CI|3£7)^T'*>'9 

|Jiiem3c0^^b1i5^«c®<7)pM:p«1!9lR^ 

X 1 %4(rm\.wmmi<7yp 
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mPFmim^i X 1 01 vc«3^i X 1 o^^/ciip<7)^ 
[00 30] tn3(^^mi^mim'fv^t. f^nm 

vGai-vN (0<Y<l)T'm^t.m^2i7)^^!t^ 
^«cltil nxGai-iN (OgX<l ) "Cmt*^ 

HuEpM^^i^&i^MtfcV^r. l5iEII3iO^^!ti5 
^«c^tiAlYGai-YN (a<Y<l) TB^t. m 
Em4i7)M^!tW^(*;ltiI nxGai-xN (0^X< 

xGai-xN (o<x<i ) vm^L. m^2<om.^m 

i|i^(4c^(iAlYGai-yN (0<Y<1. X>Y) 

wmwmnA 1 xGai-xN { o<x< 1 ) x-m^L. 

m^4<7)mit^^WmiiAUG3^i-YN <0<Y< 

1. x>Y) xmm-iztipv^6. 20 
[0 0 3 23 $^>tc. m<7)mitwmii^=?Ti^. m 
tarn 1 (^m-m^mmxiimsm 2 com.immi^m 
ti. nWfmiti^v-r^iix^^^j:\'^Ty}^-rmx^ 

[00333 tti. mim2m3(7mitmmim^x 

Mia I nGaN^3Cf«fi^#P^-CfcS::fc*^$^t3i?^ 

tv\ mmsmit. m-M.^f'^rmmx-h^xh 30 
iv^L. ^mM.^^pmmxh'yxi:>Xi\ 
[00343 tti. :^^icmi-:><^mm<om^m^ 

m<7)mf>zm:t^u-'fm^fxh^x. mnpm 

9y-/Ymhmmt<m. x\tm^pm9y-/Ymt 40 
mmh<m<7yy^j:<ti>-Mz. i^^^ts^m^ 

S«tX*iGaN*-^>^0. ^tt^^RR^lXlOiVcn 

ti. %<nmm^^<'fz>fMz. m^ttf^ m<7^^ 

L<, X^lO^T/ci^mXhhiltif^^^zmtL 
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ff^ vm^mm-mmztxi^xw 

[003 6 3 $^>t2. mm^^ Ymt^mMt<m 

MifO. ljtzmOTcO^^!fi5^«cJ: 0=5:5^ 
iO^!B5igJgti 1 X 1 0 1 8/ciiP mLi,zm^h ^ti/^ 

[00373 *^*%BBt;:t3V^T*i, mi'-'f^3<^mit 

mm^^zmtwmm^^^^'t. m^^^titz 
m.itmmm±^z. mm.im^mi¥m<rmm^^m} 
izui^^'^&xo^zumm^m^btim. mi^^^tty^^ 
itmmi^mi)-^m§dmmm iz^mtifzm. 
^wmm^^^j:^^<twmwmm<7)±izm^^h z 
tmtb\>\ :ifi\>zX':>x. f^i--m3com^m^ 
m^^^m^i^^x<m^x'^i>cox\ mtvtzw^ 
^^-r^^immim^^m^t^^tij^x't^, * 
is^^ti. :i<nmmmL. mBmmii. mimm 

^mttLxntx. m^f-mm^tiim^^mtizm 

^LXi>X^\ 
[00383 

[mn<7mm<mm} mm^^mizm-mmmio 

mtti^mmxhy-irmcnu-^^ w-^x. vjt 
m^zmmm<7)h'—fm^t\^o. ) xh-^x. mi 
a. u-^^<o^ijmizmm:i}\P\Tm^^mtf:: 

y^mn<mmmiz-:>K^xmmth. 
[0 03 9 3 t-t. miizii\.^x. ^^imr<7)h(r> 
^^i*. 1 oii. m.i\:mmi¥tm^j:hmx^^j:m 
mtii^yr^r. sic. si, 

GaAs, Zn0^60:^mO^S^CO±tC^^$n 

is. mmmt. mi^^-rxoiz. GaNS«io^ 
m0.ttimm^Lxi>x\.^u w^hmmm^z^x 

9C^L^i.^Tfflt^Tt>J:v^ (04) . 1 Iti, Si 
K-7•nSGaNJ:0^^>'^'•y7rJi. ^niSny^^^' 

;ctfM4 0:tV7'X bn-AOS i K-r n^A 1 

o.2Gao,aN imii^mmmm) tmm40:^y 

^XhU—M>(DTy}^-y (undope) GaNM 

im2<7)^^m^m) tij^^mzioommm^ti 
x^j:mm'mm(onm^y-^m^^. i3*i. n 
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1 5 

^ -7 1 2C0A 1 0. 2 G ao. 8 Ni 0 ^ vv\'y 
^>yy'x.^}U^~^^^i>. fiHIxtfrvH-rGaNJ: 

hP-Ac7)I no.2Gao.8Nj:"9^5^F^3lfc. # 
0 i>'^'>' 'y7*x^yl/^-A<:^^ t^K^ 3 0 
>ry^;^hn-Ac??I no.05Gao.95N J; O^r^-NtM 

g K-rpMA 1 0, 3G ao. 7 N i p<a=^^ -yri 
^P^-lilJi t < t±, Stei^liitiOpCa:? V y KM 1 7 
« (m4cog^!|*j^<4:«) ct <-rSo 16 

Pffig^;' ^ y KM 1 7^0A 1 0. 2G ao. 8 N i 0 t>/h$ VV< 
yK^-v y7-x:f;l^:^-^:g^^S. mmT>Y-rG 
aNJ:0=^irSpiai;y^Kl^^. I7ti. 20 

Mg K-7*pMA 1 0, 2 G ao. 8 Ni:J^4 O^y^X h 
n—U^<OTy K-r (undope)Ga l^Mtti^^ 

5:^r^-r, 18*i. pii^'^-y KMl 7<7)A 1 o.aGao.s 
NJ:0t/h^»rVA'yK^^yrx:fyl':^-5r^-rS, fi?! 
i.*fM g K-TG a N J: ^J^Stl* pM3 y ^ KS^t^ 

ti, G a Nss 1 0 cojL^zij^co^mmi^i^m 1 1 30 

U'y>^EtcS>^pffi!l3>':S'^'KMl80tJt? 
^ffi^::pTO2l3^f^^^^i^Tv^^. -:^r, ^-fEJfe^ 

Ml i£7)^ffictinm2 3*9^^$ixTv^5. ^mm 

m^^tlX\^6iP. m.t LT*fGaNSKlO?:ffll^ 

rXvf-y^UTGaN^10£7)^ffi^^ttJ$-fr. -e 40 
^O^aj^-^GaN^l 0(7mmiZnW^^m^LX 

m-mmizpmkt nm^t ^mmmt^^c t 

•C#S. tt:n^m2 3tpmm2 1t<^miZ^\iibX 

^^h^immi^mmizii^ mtiis i 02*-(^^si& 

^2 5*i^tt^>il. 'e^O^]^2 5co5g^S:^LT^ 
ti^ti7i(y^H ymt LX P^^-y K^S 2 2 1 nn.y 
Km®2 4*^tti^nTV^^. ^rij^tictj^v^ci-^ 
(c. *BMSt;:±3V^-c. ySttMfcP^i:<55f^l3j>&^ 

m^LXp^it'm^mt\^\'\ ^com^tGa 50 
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[0041] ^^Mcommm<Du-^'fxii. mi 
tc^tt^sttM 1 40Tmi^zhh nm^itm^ikim^i,z 

fc^r^T. MttMl4i:l®iTJtfiSH. AyK^^-yT-x 
:^;l'^-<7);^$^micOg'fl:!fe¥#^*cM^:. micOHft: 
!|W^f^cii J: 0 K^^ -y 7-x^;P^i^-iOyh;^^m 

2ioMfl:ife^Mi:*^M^^tT. m^z^mm^ 
m^j:mm^mm<r) nm^yy kmi 2?:^rLTv^ 

@i&i^M^fiifiE-r5mii7)M<k!R!j^«cM. m2(o 
m.itmmi^m<7)imi^ 1 0 0 :t y^f^x k o-aot. 
^i^izmt<ii7 0::fy^xhn-Ai:xf. mmt 

1 0 0:fyi^xha-j^x 0 hm^'^t . m 1 <7)B^l:ilW 

mmmm2<Dmtmmmi}m^i^mmj±(r> 

^«cM. B2(7)m!|4)^i4cM£0^i7)-TO*i^C^ 
$n-f, lM^Ml'XhT*)ntfJ:v^;&s. laie^Oct^tzi 

M^!tW^«cM*i^-=5r< i: *> A 1 i:i^tsmitWmii\^. 
^fiL<tiAlxGai-xN (0<X^1 ) ^^tg^ii:^ 

(iAliGai-YN (0^Y<1, X>Y) . I nzGai-z 
N (0^z<i ) £OJ:d=Sr27C^. 37aiac7>g'ffc!fe 

'e(;ott'T't>#(ciff i L < iiig 1 co^is?^ 

fiMiln. Ga?:^^5rV^AlxGai-xN (0<X< 
1) tt, l^2cOH^1J!l4^iWiAl^^^^VTiI nz 

Gai-zN (o^z<i) tL. tpxi:>i^r^f.zmifzm 
m^m^^mx. AiM^(m) 0. 3OTtfDAi 

xGai-xN (0<Xg0. 3) Gei^cO^i^'^h^ 
[0042] tt:^ A lKGai-)[N (0<X<1) Srffl 

\e^xmicom.im^mm&L. GaN^m\^xm2 

(MOCVD) (Cj:l»AlxGai-xN (0<X<1) M 
&t^GaNMc7>jg^CfcV^Tti:. \,^TtlC0miymtH2 

^X.«.^t^<A IxGai-xN (0<X<1 ) MtGa 

Nit -^^ ^ t n J: "9 im=Fm^mmi' 

t^tt^X^h. ZC0^t\±. laiOA-i^ia^lOOM^r 

«M Lxmm^immtm^'i'm^w^i-h±x'm 

it>Xi^^^j:m^X^l. 

[0043]3tmtS^l. &tX^^'JTfflt5^Jii: 
Ay K^^ •yrx:^;U:^-C7):*Ctt v^^{b!B5^«c^fi£^ 
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^uti^x'^. u-^^xitmmj±. hEDm^x 
[0 044] $^>tc. ^miz^t^(mm<7)u-^ 

LT. i>o-ifcomf>zmmm^}'-n-ht. mmm 
m<m\>^m^im^m^iz^^-\thzt\tzx^. ^<ry 

mmi^^t^^'mtmrn^zmtrtztizx*). ^^rv 

[ 0 0 4 5 ] ^N'y h'^A- yTJ:.:^/U^-(^^^mit^ 

mt. Ty]^'~rmt(o^'rai$^^mx. mmmm 
m'f-:^xti^j^y\i^^r-/r<04^^umf>zx^i>(r>x. m 
^^is p mco^ V -rmmf,zz.d:jnmjfxmmz 

X^tm^^tlt, ttzpm<0^^ AlGaNtiGa 
NlC\mLXmLmtmi\ -eC:TAlGaN<^:^tCp 

m^m^'K Y-rt^:itizx*)&tmif^iSiTi-h 
m^m<omm^j:mmii^i&T-rh<oxm'f' 
^mt:n:m^iz. mmi&r'tmi^izhhtmm^ 
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[00461 -If. ^^y *y rx^yl-^-cO/jN^^: 

rcoxd^j:mi}^hit^.^fih, mm A i GaN 

^fcGaN^tCMgS-^MT'K-rL^^. AlGa 

mximsffyn^^-tT^-miLcomtf^^^K. 

GaNliOr^^-bT-^J^-J^fifDai 
$(iAlGaN®twit'<Ta<, Mg60?SM¥*iH 
l\ fiHlttfMg^l X 1 O20/cm3 K-rLTfcGaN 

rtii X 1 o^^/ct^nm<7)^'^vrm^x$>^<r>izici 

10 L. AlGaNT*ilX10iVci>3^<7)^-vyrig 
mt*^i^>il^V\ ^^X. *^0^T'tiA 1 GaN/G 

mc^uiz^K^mi^^'-Tt^^tizj:^ . n^^v 
vx\i^&t:it>. hy:^Jumx*^^rvr^^^mm^<o 

^^ri^A 1 G aNMifrnt ^t:isb. mmnz^^vT 

tiAlGaNMtOf^Mti^ttr. A 1 GaNS«>''^:^K 

taaoT. j<y)i^-i'^yrji^)v^-<DA^-^^£ifcom.im 

E Dm^comm^iSir^^h±'c^}^mizW}^mxh^. 
^j:^z<7)mm\tpmmmi,zmm-^mm'miz-?\^x 
nmttii)^. nmmiznm'^mm-&m^izii\.^x 

[ 0 0 4 7 ) Ay K=¥^ ^ 7•x;^;^^-5&^:^^ V^B 1 (7) 

i<7)mimi^m^comu^\^~:r&tLxii. i 

XlOiVcm3-lXlO20/cm3. ^ L < ti 1 
XlO^^/cm^'-'5XlO^^/a^<omAi,zmm'^, 1 
30 xiOiVc»3j;r)t^.:2tV^i:. l^2cOMfl:!BJ^«cS 

ittc<v^fpl{cfcO, *?tixi o=">/ctfJ:Ot^v> 

i/iom±^=5:v^:6-3t>^iLv^. #t,^f^u<ary 
^i^titb. mi(^mim^i^mi)>i^mLtx<^n 

m^¥mij^3b 0 > ^(0&\i 1 X 1 0 » 9 /ctf OTA^M^ 
40 Li\ nmPmmtLXiiSi. Ge. Se. S, 

Si. Ge. s^nw^mit'^h. ^icwmii. ^<y 

^-'m'^^\,^m2comitmmi^mirznmr-m^^§^< 
}^-y^6i^mmxhh, 

10 04 8} tfz. ^^(r)mkcmm<7)U-im^X 

miiz^f^mi4<^Lmzh6pm^imm 
m^izii^^x. m^i4tmtiy:i^mz. /n'vk^ 
50 ^'yrJi^fi'^-<rrk^^J:mscr^nitwmiii^mt.m 
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0^!|i5ii^3E^^=5:^i©&^tijtf7)pffl::' ^ y 1 7 
^^rLTV^^». .I£7)piffl^^'yK^1760@fe^SSrlS 

•yKM12t^t:<. lOO^y^^-Xhn-AOT. $ 
i^C«F^L<*i7 05r>';/Xhn-AOT. Steffi t 
<ai 0-40:tyrxhn-A(:0|^tc:ii^5. I"! 

miz. msconmi^i^mii<i^^j:< t ^ a i ^^t^m. 

if^ L<tiAlxGat-xN (0<XS1) 

^U<tiAl yGai-YN (0^Y<1. X>Y) . I nzG 
ai-zN (O^Z^l ) C0j:a=S:27C^B, Stc^bCOM 

[0049] pm^^ymii^m^mmt-th 

2«Tm:m^. ^(ofzib^^m^pmmizm^i't:! 
tizx^. mmnK^i&<r^^mi^mm\rzmit, m 
t < mm h t m^tmrnmi p m^^Bm^^irzn 

oyytx. ^m^m^-mmmhtix^^^ 

11254079 1^). LA^Lp^^§i^>ix:ttV^oT 

mmm^mt-t^zbt,zx*)i^m^]k<^j:^. mi 
1 mihi&Ti-h tiibmmm&^ i&<i-i>ztii^x 

[00 50] pmi^^-ymi7com3<7)^immi^ 
mtm4com'm^mt<Dpm^^^'mmpm^ 

m^^i:A^^<'rh, nm^yymi2tmmiz. 

miTy^^i^pmprnm^^^^ < tx. ^^^yv^^ yr 
ji:^;i^^-(OA^^^j:m4<opm^mmmA^-^< . n 
tKuryY-rt-tht. mmmj±, vfm^i&r 

^in^mcopm^mmm^A^^K tx. ^<vk^t / 
rx^;p^-£0/h$ =5:^4 (o^itmmmcopm^u 
'mmi:±^<txi>^\\ mm9tiz^^tti^x 

[0051] mscomitw^im^m lv^h-t 

&t LTIil X 1 OiVctf-l X 1 02 Vcb3. $ ^iiZ 
mt<iXlXl OiVctf-5X 1 O2 0/cn3^ffiH(C: 
1X1 oi8/cD3J:0*)iJ^=5rV^i:. (^SSCIg 
4£7)^^«!H^«=l^cOll*f^^^:<=SroT, f^mi;^^ 
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xlO^VcmSiOt^V^fc, ^^Btt35Pm<^^mt 
fc^. m4<7)g{fc!|J54^«cli7>pM^tt!t*lii^ti 

mtrnttiisbizii^ Tyv-yt^hntt/^mhntL 

i}^hi^tx<6pm?mmtfih6t^if:>tihi^. * 
}^^iz^i^xmf^j:i^W:m^fMzit. ^(omm 

10 tiMg. Zn. Ca, B emommmmUAm. IIB 

j^Tcs^iss^t. ifiL<»iMg. c^m^ipm^mm 

V^m3cOB^1W^MtCpM^tt!|*5^^P'^< K-rt 
>'^yK^f'Vv7'X^;U^-*J/h$V^|g4iO^^!|*f4^ 

[0052]$ ^t;:* /:^0*&T^^ifi£-rs^>fb!|W^* 

^tm^ii^izML. ^^^m^^ {m2(om.i\:^ 

x\m4<Dmtmmm^zj&^t^m) (7>^mm 
tim^Lw M.imizmmti>t. mmnm^rn^ 

ttXS i ^K-rt/cA 1 GaNt. rvH-r^oG 
aNMi:TS1&i^^^Jg^t:tJ#^. A I GaN(iS i 

^ H-rtTv^&fJDT'K^-t Lxn'f^^^^iziiat 

mi^^i^xVi^^/I/COffil^GaNiO^^lCi^-^ 
A6mi^(i^^lCGaNfefa4'i^i6<*Ii:*5'C^. HWW 

^.yrx^;^df^_(^$V^Al GaNClfcV^T, GaN 

mt-i^immmixfz^^mirznm^mi^mimiz v 

-TtttHmi^^iZ^^KX't^. m-hGaN^^ 
mfti>n'f<7)d-h. AlGaNMdjfiV^ilS^^iM-r 
^m'f-lt, A I G a NigttJt7)G a NMt^j^-T^aS^t^ 

40 S>^nM^i^!|iii'<^y (^:i?^J^s i ) <7ym.t:^S^'Jf^j: 
DttS(t^o L*-t. ±i^J:dtCAlGaN®{Cfc 

l^T. GaNMcii5SE^^ai^^ryK-rfc-r^i:. 

A 1 GaN^tc^v^llP^SrjM-rsmWS i coiStSLSr 
^m;:<<'5:-&60T, $<c>t3ryH-rGaNlf7)^|& 

m 3 io^^!H5^#:i tm4 (^y^itmmm t x-mm 

mz. pm^um^<}'-rt. m4<7)mitwmi^ 
50 mf.zm^'rh^^^ci^^^j:<'ti>i)\ ^^5v^t±ryh'-r 
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[0053]J.:Ui. nm^yymi2. pM^^-vK 

15. pmjf^mie. pmy^s^^hmismi: 

tim. mmizmttim. t'mxmm'mt^i*^ 
ti^tt^, mznmmm^^fi^nwi-/yrmi 

[ 0 0 5 4 ] ^ :^^M<mmm<7>u-^^\,z 

^•yK^12fc?SM14i:C0^tC. (ClcT)^^ 

nmrMm Mt^&^i x i o»Vcii?tiTfc:iig$tut 

Tti. 1 X 1 0i9/cii3WTiOh'-7-M'C*)iitf. ^ 
V^. t3ii^t^3jf^<^. *^fc:t;v^T. niffl:)t;{f>r KMl 
iL<. lxiOiVci^OTTfeSii:*s$^tci?i 

[0055} ^tz^sm<r>v-^^i,zts\yc\t. m. 
Wf-mt-^^jih^m V •/ 1 7 t?siM 1 4 1 <7)is 
tc. {^(r>^pw^ym wimx X 1 

cnPOTtc^^^/iitpfflBlwr-f K^l 6*^^;&nT 
v^^. *^Jtct5V^T. pM;ir>f K^l 6^o^tt!B?iitS 
li. 1X1 0i9/cB3WTrftii(fJ:v^3&«. iJ^Lvvf 
tfiliRSmtilxi ois/c^felTTftO, ©t»^L< 

Piffl;!f^ KSl 6co^^*inXapcov^-mT't> J: 
f^4. ^iOpra^>f KMt I n^^tjmiti^ 

[00 56] m^t^^ ymti^mzry}' 

m^tM^S 60-520nm. ^tZ380-4 50n 
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tins^^fiife, pm^mi^}'-rLtimitwmmz 
\mtx. mm:t:Wh^<r^iSiimim^\ 
X. ryi^-rcomitwmm. m^ti^mmt. 
^t^^miitx<rt^9ymb<7)mizmtxcibizx 

[0057] ^r>X. ^^cont Li^m^^h^t L 
10 Tti. m^mtmtvf:i^miz^mt(^V-r^irf:i 

t^^t<m\z. -^-wmm^^w mL<\try 

[0 0 58] ^i^izntuw^ttx. ^^(^mt 
s^rti. pm^^ Ym 1 6 tmms 1 4 1 co^tc. ^ 
^<mpm. Rx/pm:^-^ Ymie^^<oj<yY^^r 

$:^rrsM^o. iumm'<^^itmmi^x*)^j:tp 
m^^ yrmi5im^^fixi5^. -ecopfflj^^-yr 

20 ®c0^tt!|%l^iranxlOi8/'cii3£JLbt:^$*l.TV^ 
ZCOpm^^yymi5COmm:iO. IjumOT. 

;^^>tciJ^L<t±5 0 0^y:?^;^ho-Al.:iT. S4>if 
^L<ti3 0 0:tyi?^Xhn-AmTt::|^i-|». 0. 

iumx*)m^^m-xm:^'^ht. pm^^r'yrml 

^ii^mi^^^uz<\.Mf}>hTht. z(^Xo(iz/^yY 
^-i--,y:iL^j\.^-ip:k^^j:m^7mmizmLx. 0. 
1 M rnvxTmrnx-mm-^ utizx*). u 

30 »i?>aEA$n:C:mW. ^^'yr®iOx:f;u^-y\'U 

rmmzx^. ?gtt^rttwi@io. m^^tjETitcos 

^<rfc*^T#S, ttz. WIMJ^tilxiois/ciiP 

^-^')rmm^-m<Lxmm^ywx'^^^j:\^t. ^ 

^£7)^:^1:^0. P-i-nfilaii:^ 
40 <r£OpiBlt::ft^=^A'vr^ti, nfigtimLTtJ; 

[0059] mL(ox 0 ^zm^^Mimmm^x^-^ 

^TO. niBl^'^'yb'Jil2atfpia^^-yHSl7^ 

m^m^-mm^xy^^hcnx. nm^y^mi2-BL 
xfpm^^-^mn<rmmi}i^ik<T^. mm& 
^is.<x'^Li)-%>^^^u-i^%mmmxhh. t 
ti. ^^mmm7)u-^m=f'Xii. nm^y y m 1 2 

mpm^ y -y m 1 7 $:j@m^m5t'CmE'r«>^Wtw 

50 ±j^LtiXom^<^mmtx. ^h^j:^mm 
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<X^h. 

iooei}tti. mmmx'it. niH^^'yH^i2 

iojiUi?&sem^flijsr'*n*fcfcv^, ULtcoxo^m^, 
Lxi>. mmmj±i:mkmi^imix^<v^^. 
c 0 0 6 2 ] mi(7)mmmx\i. u-m^^zisux 
' ^ •/ KM 1 2mpm^y y m 1 1 ^m^m 
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( L E D ) ^<r>m.wmm:=f^z^x% ^nt 

tiv^3i'Ci>=5rv\ i^XkcoXoizmm-h^ltizXf). 
mt^^^^-'^Tit. Vf (l®:J^|SimE) SrTtfS^t 

[0063] 

CIISS0«3OT. 0U S2§r7ct::*^HBi^)ll]tefi?il^i^ 

mth. m2imicou-^m=f(m^^^'tmnmx 
[0064] i%nmu -^y r^r {cm) 

^£0±tc G a N J: 0 ^r-S^'^' 7 r MS:^ LT G a N i 
0 5 0 mf?)]^T^^$iil^v:G a nmL 
lO^fflmrS, ::<:^GaN^10$:^J5^l^t^-fe 

-yft. iagi^i 0 5 0t:iT±*f. ^^ur;«rxi;7K 

A) . ^ia!fe;5rxfcbr>'^y;yx^fflV\ GaW^ 
1 0±tCS i 1 X 1 0i8/cii3 K-r LfcG aN J: 0 
^j:hnW<^-/yTmil^AjJLm<nW^X^^^'th, 
^£7)Av7rMti. aiiOJ:a^?85^^^)tSi^^fm 

#$'tf^M'.y7r^'r*)0. m*fir7T>fr. si 

=5r-&^£0jtt:, 9 0 0T:OT^OffiSt:i5V^T, Ga 

[0065] {Tim^^-/Ym\2=mm-m)m\^ 
1 0 50t:rTMA ( h'j.?<f-yi/ryi'5-'>A) . 

TMG. Ty*-r. x^>;yx$:fflv\ Si 5:1 XI 
0>VcB3K-7'L:tnMA lo.jGao.aNj; O'Sr&l^ 
l<7)M^4 0>ri^^/Xbn-A£0]^T^:g$-l^. 
X-^^yifX^ TMA^jtA^. ryb'-riOGaNiO 
=5:&m2<^M^4 O^ry^^X hn-AcoK^rfiK^g^-^ 
^LTmil+m2^+mi«+l|2®+- ■ -i: 

v^dJ;dtj@mi^^i^fflfl£L, >f-iimioo^-ro3:t 



7'yHMl 2^fi£^$-frS. 
[0066] (nm^^ K^l 3) IgV^T. 

1 O5OX;T'Tyh'-rGaNJ:0=5:5nia 
3l£>5r>f H®13SrO. 1 juini7)]^^T^;g$-ti:l». .li?) 

GaN. ljiGB.n^m:^'±h^bimtL<rM'^ 
10 0^y^Xhn-A-5jLim. ^t^\iZn±L<{±2 
0 0 :^y^X h n-A— 1 11 mCOWSMX^^^'tt t 

:it^x^h. m^m}i^t^^\z\if^yY^^-^r 

o.2Gao.8Nj:OM^$<-r'&, 
[006 7] (^tt^l4) iJCtC. raXfXlCTMG, 

TMK ry^-r^fflv^T?sMi4m;l$-tt«». 
7SttMi4tiiag$:8oot:tcfii^Lr. ry-K-ri 

n 0. 2 G a 0 . 8 N i 0 =5: 2 5 :t y ^X b n- A 

^^^^^•Clnl— SJ^. rvH— 7*1 no.oiGao. 95NJ:0 
20 ^S^MJi^5 0:ty^XhO-AcO]^TJK:g$-^ 

5. ^eo^f^^2iHi^0ML. mmz^pm^nmLti 

mm 1 7 5:ty^X hn-AcO^SS^^FIM ( M 

Qw) co^stt^^^^^-^s, ^'m\tmm<nxo 
[0068] {pm^^r-/rmi5)mz.m.^io 

5 0t:tC±tf. TMG. TMA. ryt-T. Cp2M 
30 g (i/:?n^y^^i/x^;Wv^^v'»>A) pii 
1 6 i 0 h^^y h'^^ -/rx.:^)V^-i^±t 
V\ Mg^rlxlO^o/cB^K-rL/cpMAlo.sGa 
0. 7 N J: piSH^r -yTM 1 7 5: 3 0 0 >ry h 
n-A<OlMT^:^^-±S. C:cOpM^^-y7*H 5ti 
Mtcj^^idt;:. 0. l jumUlT<^<J?^i^TB^ 

-AmitOl^-CJ^fiS^i* ^: i: *^M* L V \ 
[0069] (Pia!b\^;(f-r HMl6)^V^rCp2M 
TMAS:±J6. 1 0 50X:T, >'^yK^■v*y7•x;^ 

40 )v^-ii^pm^^-/rmi5X^M^^\^.ry\^-y 

GaNiO=5:Spi8l^;!r^ H^l 65:0. l/xmCOl^ 
fflL, nM^-f K®13t(n|l:<GaN, I nGaN 

m^ryv-r<r>mcwm^. ^-mmY-rtfz^ 

=f-mb^h^\,zW^yY^-^ •yrx:^^;U^-ti?Stt^ 
<mpmX^±^<. pffil^'7'y H!imio.2Gao.8 

50 [0070] (pM:!'7'yHll7)^V^T, 1050 
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'CTM 1 X 1 O^o/cn? H-r ttpMA 1 o. 2 Ga 
-?-LT<ri7)^f^i^^^t^iil 0 00^0 

[0071] {pmziy^^hmis) mmz. 105 

OX:X\ pm^y yVm 17 (7)±^Z. Mg^2Xl0Z'> 
AnP F-rLtpMGaN J: 0^-S> pfflUny^j'^ 
18^15 0:ty;5^Xho-ixi7)|K^-C^^$-ti:S. P 
(Sny^'^^^h^l Stip^COI nxA lYGai-x-YN 

I Y G ai - Y N ^i!itsm^mm<7ypm^ y vm 1 1 c 

«£^pii:iy^^h®i:tT. -^£7)1^^5 D0:t>'i5^ 
Xhn-AOTi:^< LTV^«.^a^tc. Iim6^fr3pffl!=i 

[0072] mL<r>xokzhxmimmm^-^^^ 
rrr-'-y y^^tfv\ pwm^^ Y-yLtzm^ 
[00 7 3] r--')y^^. 

woait. ^ifc^-ri^tc. Ri-Emmzx^&im 

<r>pm^y^^ymiSt. pii^7'yK^17i:^x 
y^i-y^LX. Aiim<DXVy^rm:^h^)-/im 

^t-th. :^€oxo^z. immx^i>±.mzhtm^x 
vy^r^M-/'jm.t'th;it\.zk^. ^'mm^ 

ij^i&Ti-h, mitzm^mxD^^hpm^y^mii 

[00 74]»:tCU yvgffit'7X^$:Jg^L. RIE 

H^^ith. ^ai$«!iOnM/N'^y7riil l*in^ 
2 3 ^ J^B&1-S/ci^<??=J ^ M t LT tf^ffl-r 5 . 
=S:±iSlTUn(fflA y:?T^l ISrny^^^'h^fcLT 
v^«,>&i. GaNSaiO^Tx-yf-y^/^trVK SmL 
^G a 1 0 ^ 3 y M t -r I. t 5 , 

[0075]<JCt::pia3y5'^'h^l8cr)>J.y i/^^ffi 
(CN i t A u J; 0 ^rS pM 2 1 ^ X f T^t::?^^ 

^h. pm^yi!^9hmtmw^:^-^ y^imhti 
hpfm2i(omtLxii. mti^Ni. pt. p 

Ni/Au. Pt/Au. PdXAu^iSrWS^ 

[0076]-:!^, TitAl J:0^l>nmai23i^5t 
tat'Sa3$-ttrcnii/N''y7r®l li0^ffitCXh^>fr 
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1 0 tMt UV^:t-S ^7m^>aS nmfii2 360m 
fcLTtiAK Ti.W. Cu.Zn. Sn. I 

[0077] i^C. miiZ^'tXo^ZpmM21t. n 

TO2 3 1 cof^tc^aj ttzmitm^mcommt^z s i 

O2j:0=S:SteSM2 5^Jgfi£L, ^C0^M25^^ 
tTp^2 1 tm.mzW^Lfzp^^'y Kll«i2 2. 
&tXnM--y Km®24^m-t^, C:£0pM*-yKIM2 
10 2tillMfi*;=5rpmfii2 1i7)^TO^;AtfT. pmsfflu^ 

i-hmiJ^h^.-y}. nMVyh'M2 4*inM2 3 

[0 078] tLhcOi^tcLT, n^tP^t^B 

^tt:^x.-^\mmmm^zi^t. y^^^ymm 
mm\'^x. m.i\:'mnmm^Lx\^^\^m<^'^yr 
^rwm:yy\^yyL. ^yr-^rmmw-^-kio 

umh-Th. y yt:y^^. $^>t::»H^^Tl 

in7Klli^y^tT««^®i^M®4^tL, Au/Sn-C 
20 ^®$:^:S^7>fX-rS, 

[0079] -eol^. Au/Snii$:X^^-f rtT. 

^ti^SSrfWt-^. «§|p5tcs i 02i:T i Oi 
6. ^iat;:fcV^T. mm^^^2. OkA/cm2. ^ 

30 MmE4. ovx\ ^m^mo5nm<r>m^m)m 

U^ti. 1 OOO^mJiC^m^^LTt, 
[0080] [IIJfeM2] 03t»^<7)ffitO^0l|t:: 

itmt< u-^it<7)m&ijmizmm?k:^i^Tm^^m 

mtt:^<^m^^tX^^h. WT^co^^r7Ctc|lifiM2 

nm<Dt<7)ummcom-i:ntx^. 

[008l]1^7T>fr (Cffi) J:05rSS«^O±{cG 
aNJ:«9^r^>'^"y7r^?::n-U-CS i $:5x 1 
40 3K-7-L:tGaNJ:0=5:^miefB^l 50/im<55M® 
•C^:i;&-fr:tGaNE«10^fflS^S. ^c^GaNS 

mo(o±izmmmitmmi>zLx. nm^^yrmi 

[0082] i^y-/mjtM19) nm^'Z^yyrmi 
1^^. iaS$r8 0 0X:CLT. m;!fXt3TMG. 

TMK ry^-r, ^H^ify^iz>^yy:ffx^m^\ 

S i^5X lOis/cB^h'-rt^t:! no. iGao.sNj; 
0 =5rS ^' 7 y ^E&jLl 1 9 S: 5 0 0 :t y ^X h a-A£?5 

]^T'fi£:S$-^s, :i<^^y-/nn±mi9i±in^i^ 

50 tfnMi7)^^Wi^i*:. »^L<tiI nGaN-Cfi^^i^ 
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^t^ltizX^. Ai ^:^tjmimmm^iz^ y 

[0083] ^'^•7^'R&jh^l9^^. 
h'll 2 1 . r V K-r niS!3t;ir>f l 3 
C0084] (nii^^>/rS2 0) J^V^TTMG. T 

1 3 J: 0 K^v -y rx:^^;!.^-**'::*^^ l\ S i ^ 
5X1 018/ctf K— rtfcnSA lo.3Gao.7NiO 
=^5 nffij^-v 'yr^2 05: 3 0 0>J-y^Xhn-i.cOj^ 

[0085] 1^i|IM^li:R^tcLr?£fM14. p 
iffl^t^ -yrM 1 5 . rvY-rvWUIA 1 6 . ^ 
^K-r$n:itM1S?^<J:0=S:Spffl!^'7-yh'^17. p 

[0086] mcmmmm^. nrnzx^xr-- 
wc^^. r^-yy^rm. 03tc^j:^cWi^co 

Piiny^'^'MlSi:, pii^^^-y KSl 7 t^x-y 
f-y^^LT. 4/zin£7):^b^^7li?:WrSU'yi^'?^ 

[0 0 87] U'yiaB^m. pfflgny^J'^hSlSiO'J 
•7 i/e^ffitiiN i /A u J: 0 pM 2 1 h ^>f 

r*^«^t. pm2U:i5'hcomffio^'(l:!Bj#^flc 

^tf0t3SiO2j:i9^^.«iil^2 5Srmt. :-<rmk 
1^2 5 ^^frtr pM2 1 tm^t=^^Ucp>'^'-y H 
M2 2^?^^-rS, 

[0 0 88]feLLt0j:9t3tT. P^flSitJ^^Uc'^x 

GaNSfttlOCO^H^Sm^-^^^. EdttUc 
GaN^a®cOtit3r^ffitCT i /A 1 J: O^S nm® 

2 3$:JgB^4. 

[0089] mfiiJ^fi^^G a NS«<OMffi (^^tli!)^ 

[0 0 9 0] [^Sfefi^3]ll^fi?iltCi5V^-C. nilA.y 
7r^l ||JfeM2t«tcLri^^-y^R&± 

S i 1^ 1 X 1 0> Vc«3 K-rUvlA 1 0. 3 Gao. 7 
m-®iO;^J:O^Snia^'7'yK®12^0. 4//mO 
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[0091] im^mAimmii^ztiK^x. pm^y 

-ymil^m^Z^ Mg$:l XI 020/01113 b'-rt 
;tA lo.3Gao.7NMm-ii^O. AximcnmmX^^ 

^itmt±. mmmitmm^zLx. u-^m^t:im 

[0092] [11^015] lljfeP9Ucfcv^r, nm^y 
y m 1 2 t:mm-mmt-\tfi.z. s i ^ 1 x 1 oi^/ 

cii3K-rU:tA lo.2Gao.8NSO. 4/imi:-f^.. 

^^c, pm^y-/mhmmmi^mmtitr. ms 

5:1X1 O^o/cbPK— 7*L^^A lo.2Gao.8N^O. 
4juini:^S, fti?OC. n(B3l£;<f^ h'® 1 3 5:Ty K 
-n no.oiGao.99N®30:tV^^:^fo--£*^. S 
i ^ 1 x 1 0»7/ci^ K-rL:tGaNS3 0:^yyx 

20 fcL. Pfa^>f HSieSTTyK-ri no.oiGa 
o.99NS3 0^y^^Xhn-Ai:. Mg5:lxi0»V 
cii3 F -r L:t G a NM 3 0 y ;r>?. h P- A ^ M 
t^t^jl^O. 12/zm£0@mi^l85tfc'ri.feiti|ltt«f!l 

I tmm^txu-'fm^^imttztz^^ nt<m 
[0 093] immm] mmm lizm^x. nw<^y 

yrmil^m^h^. r>'K-rGaNS^3 0:t 
>i/XhO-At. Sii£:lX10i9/ctf h'-rt?t 
30 A lo.o5Gao.95NS^305ry^Xhn-Ai:^®S 

tmkifZLx. nm^y-/mi2if-i^±<om^&^^ 
u-'fm^t^h. uLnmmiimm'm. x>y 

^m<7)^^ht. ^(rtrnm-mizum^^m^i-^. <r 
<ou-^'fmmizmi^iz^\>^xm^t. mmn 
mmi<r>i><Diz\mvxm^rt. ^mooo 

[0094] Lmmm7]m4\t^^<m<rm&miz 
40 mu-irm^mmm^^^Mmmx'^*). m 
commtm-^m-m^^ix\^^^, vxr. zm 
^mzmkm7^z-^\'^xm^m-^ . 
10095] mm^itmt<. 2^ y^4>. (ooo 
1) cmt:±mt't^^yr^rmm3o<o±i,z5oo 

X^iZX. GaNJ:0^S>''?'y7rl (S^"^) ^20 
O^y^x hn-A(r)TOT^:i$-^^1^. 1 0 
5 Ot:C trr y H-T-G a N;i 3 1 5: 5 /i mj^r^ 

50 itx. iOumi;iT<om^z^i-t:itimtU\ 
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^it^yr^rcom. sic. zno, g 
mm^z. xhy>(r^cr>y:fh^x^^m^L. cvd 

v\ filMI^W^tfc Lr*i. ( S i o 

x) . M^L^>fS(si»N¥) . mti-^y (Ti 

Ox ) , gf^xVUJ-'^ A ( Z r Ox ) ^cOK^Ift. ^ 

m\±. mYmmmymi^m^ o or- 1 1 o or<^ 

[0097] fi^3 2^^^. »>x-/N^S^l5^ 
5§[^t-b:'y hL. io5ox:-c, ryK-rGaNJ:0 
'Sr&GaN^l Ofc^r^GaNM^l 0>um<^]Wfc: 
^^^-e^. ^;g^-t^^GaN^£O0iLV^^:g)g^ 

^=5:5*^, t*l^3 2cO|Sffl&IIdJ:atC^ft^]^^t 

if^^uz<\^m^^h^mi3 2amm±.\iz. m 

^f6ltCGaN^^B£^$-^S#&rGaNS«l Om 
^g^-t^T^t. igt!Jt±fi^M3 2cO±UiGaN@*?^^ 
^g^Tyb'-rGaN^3 lcO±t3GaNS*< 

m^xG^m(nm:^ms'tht. g 

aN^A^et^rr&ltCfi^^LT. «iSK3 2<??±tcSl^*-ic 
^oTtT^. |?5gfUc^*^B£^LtGaNMI^±ro 
'Sr^Jo T . 3 2 <r>\L\iZ G a N^A»*B£:g L^vTA^^t) J: 
0^Mt=5:S. O^O. GaN^3 1±t3fiifflS3 2 

^^tTGaN®^«l:^t«nt;:^:S^-t^:^, *r--C. 

ir7r>f-Va^3 0co±lc^;g$tLri^«.G 
aN^3 1<«^^i:, fi^iEK3 2<?5±tCfi£;g$*tT 

ticfco. m^<7)±(,z^^^fi^m.itwmmzim 
^i,z^<m^nxmm^L. z<7ym^Bm\md:iM 
izm^^tihmitmmi^^mi:. mmtvBihh, 
-If. :*^«?«7cDj:9ti, mm3 2±izmi7\^iz^ 
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mttJ:iGaNm^i oti. ^miitci:m:^L:t 
t>OTti^:<. mtthm^i^^.m-^G^Nrntf^. 
mm3 2±izm\^^m:-t^ztizx *)^^t^{z-? 

m^^tf::h(0iz}t^X^¥mz^J^^j:<^j:6, ^-oX. 

mm^izm^firzmim^i^mco±{z^ 
mm^fitimmt:m^tx. ^mmm^i^zmm 
izm^iix^j:hGeLmimLt't6ztizx^. m 
^mi<7>G3,NmnzimLx. iihMzi^^amcr/y 

3i£j^^XKtiioi'»/'cii2iyj:S)S*^. z(mmm 

7COl3^iZXi>GaNmLl OcOfe^o^i 1 O^/cdiJ 
l^XTizm^^^t Z t ipX^ h . 
[0098] tLhcOjiafcrtrGaNS^l Oi^B^L 
fz^. itGaNmJil3||SS0l|lfc^mcLTSi^l 
X 1 0 » VcB^ K - r t G a N J: 0 =3r S n ia^ < *y 7 r 
®. ffny^^'h^l l^biimoyW^X-m:^^ 
ft. IIM0<2fcl«l^tctT, Si$-5xi0i8/ci?K 
-rtitl no.iGao.9NJ:0=5:&iJ'^'y^R&ilJil9 
20 S-SOO^y^xbn-AcoM-C^^^^-tir-S, 
5 ^llfijM 1 9*i^lii&-r'& i t %>X'% h . 

[0 09 9] {^^im^mm.(mm-mmn 
m^y-/\'mi2)mz. losorr. tmg. ry 
^-raix^m^K ryY-rG3.nm^20ityii^x 
V\D-J>.<;^m.xm:^^^Ct^zX^. vN-yK^A-'y 

^. iJct^i^mtT. TMA^riaiintry K-TA 1 

o.iGao.9NS^5:ty^XbO-Afi£:g$-t^:. liV^T 
i^^>';ir;^^3i3nLS i ^ l x i Oi Vctf K-rtit 
30 A lo.iGao.9N^I:2 0>ry^^Xha-AtO]^'C^ 
:^$-fry::ft. Si^jhi^XrVH-rAlo.iGao.sN 

m^^h\.z3:^y':rxvx2-j^<r>m$.xm:^^h;ih 

tciO. >'\>H^A"yrx:^;p^-<^):*c^v^@;&3 0;u 
m^omiCO^^!B5^iW^J^fi£-r^. m^R^tlL 

X. ^2aymmmwmtm\<om.m^w^mh^ 
^\,zm^%Lmm-h. %mm7x:\t. m2<nm. 

om\zikhi.okzmmL. 0. ^umm<n.w^m^ 
x^^j:hiimy^vYmi2^mm-h. 
40 [oioo\w.z.mmMtnmi.ztx. nwuf^ 

[0 101] {^^im^mi^<omm-mm(^P 

IB!^^'yHmi7)<J:tZ. 1050t:-C, TMG. T:/ 
trLTXfXSrfflW TV K-rGaNl$:2 O^fV:/;^ 

^. <?:(c^ia^CT. TMAMJntryH-TAi 

o.iGao.9N^$:57ry^<Xhn-Afi£^$-tJ:, ^V^T 
50 Cp2Mg$:ajDLMg$-lXl02Vci>3h*-rL:tA 
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1 0. 1 G ao. 9 N;g=^ 2 O^y hu-ACOmMV^^ 
Cp2Mg^itA^)Tr>'H"rA lo.iGa 

30 u mcom 3 com.itmmm^:m^^^ . \mnm 
tmx ^^^nm^yy m 1 7 ^m^-th , 

[0 102] -etrg^tc. Hj^ltRaKcLTpli! 

ny^^'Mis^B^Tg^-^^l^. »^xWN^^^ 

C 0 1 0 3 3 mzm4 iZ^tX 0 ^Z 0 -y z^^Zld LX . ^ 
:&1^t::X.yf-y:/$:^fV\ nmfe2 3$:Jg^'^'^^n 
ffl3MN''y7rlM^Sm$-tt. nmfii2 3i&JgB£L. - 

ijpm^y^:!^ vmism -vi^a^ffitcit pM2 1 
s:::^ h y^y^i^m&'th . mtm^m 1 1 mm^z l 

mLxmmx. mm,^^. nsx-t^J:^ 1 o%ffiTL. 

&:^4 0 5nm£03SI^|g»^ti. 2 0 00^fTOLhcO 

^^^Lfz. :itLi±GaNm,io\rzi^^im<oci^^j: 

\^±(,zXhi>C0i^^:KXht. ^:fc04t^*3V^T. Ga 

[0 1 043 mmms]mm7f,ztii^x. nm^y 

-f. aaf0r>^K-rGaNl?:20:tV^Xha"A 
S 12:1X1 Oi9/cn?H-rL:tAlo.iGao.9 
N^^ 2 0^y^Xho-Ai:5:m®t, ^i^O. 6 

[0 1 0 53 -^r. piffl^'7>yK117m^$-ii:I.Bg 

^$:2 0:t>';/AfD-Ah, MgS:lXl02VcB3 
b'-r U/:: A 1 0. 1 G ao, 9 Nl?: 2 O^T V^;?. hn-i. 

t^^^L. i^j^o. 6ummm'mmt-thm\i 
mmmitmmi^ztxu-^m'i'^mttitz^. m 
wm7(oi,<7)izimtx. m^mmimrLitii)^. 

[0 10 63 immi9]mnm7izi5ux. nm^y 

^ymi2i:^^^itm. SiSrlxlOiVcm^H 
-7't/cGaN®$'2 55i-y^Xho-Ai:. T^^H- 
TA 1 0. 1 G ao. 9 Nli& 2 5 h o-J^ t S:3Sc5 

izmmt. mimo^ eMmmm-mmt-r^, - 

pm9y'yYmi7^:^^^-^mi>. Mg=^ix 
1 O20/cid5 K-rt^:GaN^^ 2 5:ti^^^Xhn- 
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-t.i:. Tyh'-7'Alo.iGao.9Nii^2 5^y:r;^b 

tita^. mm7(oi><7)tmmmm^. m^^^ 
[0 107] imimio]m^m^zn\^x. nm^ 

^-/mi2t:^-M:^'t6m. Si^lXl0i9/cnP 
K-rt:^GaNl^25^yy;^Kn-At, Si^ 
1 X 1 O'Vcn^ K-7'L:':!A 1 0. 1 G ao. 9 2 5 
10 5}-y^Xhn-Afc$r^t;®^L. ilSi^O. 6/zm 
OSm^mii-f-^. -:fir. pM^^vK^17$rfi£:i 
Mg$-lXlO20/cm3H-rL:tGaN 
SJ:2 5:ty/>^hn-Ai:. Mg^ 1 x 1 Ois/cn^ 
K-r t3t A 1 0. 1 G ao. 9 N^^ 2 5:i^yi^X h D-A 

^0f7i?)t6Ott5e^^!^. ^Sr^SU- 
[0108] [|ISS0«ll]lllfl!lfiai7(3fcv^r. nH^ 

20 y^vm^mm-mmt'ttiz. si^ixioivcn 

^K— rt/cA lo. iGao.sN^^O. 6jLtmC0iUi-C 
Pffl^7'y h'^l 7$r^:^$^Sf^ 
t±. Mg$:lXl02«/cii3b'-rL^:GaN^^2 5 
:ty^Xhn-At^ lxl0'8/'ciD3K-rU:^Al 
0. 1 G ao. 9 NM$r 2 5 :t h n-A i: Sr^tcOT 
^MSO. 6jtim£O@*&^<g3ift§fi&tillSfe097 

mLxmmit^±^ttimt< i oo o^F&iii 
30 [0 109] immi2]mim7iz^).^x. nm^ 

Si^lXlO>Vci3>:-7-L,/jAlo.05Ga 
o.95N^5 0:t>'^^Xbn-At. Tyb'-rGaN® 
50;ryi?^xhn-Ai:^^tc^:g$-l*:. ^Iiy|t2/i 
m£^jg<»^t^«.f&*±IUfe0«7 i:Rm::tTU— « 

^irimttit:!^. mm7co'L<Ditzmtx. mm 

*^^TU. ^li3 0 0 0^faJiUii&^Uc. 

40 [0 110] imsmi3immm7tzm^x. nm^ 

yy^mi 25:ryK-TGaN®2 0:t>'^Xbo- 
Afc. Sii^lXlQiVci^K-TL^Alo.iGa 
0. 9 2 0:ty /A b o-A t L?t^]^0 . 
6/xmi7)jg<&i^filitt-r-6. <^:cOnii^^ Kll 3^ 
S i ^ 1 X 1 01 Vcd3 K-rL^:Ga NM2 5:^^^ 
Xhn-At. r^H-rA lo,05Gao.95N®25^ 
yyXhn-At^^mz^M:^it.WmO. lum 

[oiii]-^r, pm^^}^m^. Mg^ixio 

50 iVci^b'-7'L)tGaN^2 5^>':?^Xhn-Ai:. 
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ry K-rA l o. 05 G ao. 95 NM2 5 ^y:5^X hn-^ 

-fh. pffiS^^ y KBl7$:ryK-rGaN® 

2 0;i-y^Xhn-Ai:. Mg$:ixi Qzo/ctf H- 
rLltA Io.iGao.9NS?:2 0:t>:?^Xhn-At^ 

7i!0t>£7){clt«2LT. ^TSMtiffiTL. ^*i3 0 0 

[0112] [|IMfi«ll4]||Sfefl?|14i±. |IM0i7t 
M^, GaN^lO^fflV^XfllBSUc^-ifSi^-C* 

m^'^ftxmi^ix^h. -e^oGaN^ioo 

±CS i ^ 1 X 1 Oi8/cm3JiLhH-rL/::nMGa 

&2/zm^M@rB£;^$^?», =Srt5. z.<m^r 

yK-r£7)GaNi:. S i K-rL>^A 1 xGai-x N 
(0<X^0. 4) *>^>5:^S^&^iii:LTt>^l\ 
[0 1 13]i5i:fc:. rvm=iV99Ym^^^^'ttt^. 

iajgS-8 0 0t;fc:fC, ^Hffl^ft'. TMG, TM 

I. ry^-r. i^vviixv^ si^5xioi8/c 

m3 H-rL/:: I no. I G ao. 9 N J: 0=5:^ 7 ^^R&± 
S$:5 0 0>ry^^XNn-Aco]^m:^$-^S. 

L<iil nGaNT^$-fr-SittJ:0. 

m^-fh:ihm:%h. ^rfcCO^^-y^RF±^«lO 
0:t>'if^:^hn-MXli. 0. SjtxmmTcOiSJp-C^:^ 
10 0>ry^^:^hn-AJ:Ot> 

mv^tmiBcoj: d ^ ym±t txmuz< < . 
0. 5umx^i>m^^t.^mmpm^tmi,zh 

[0 114]^l^-C. 1050X:'CTMA. TMG. r 
y^-r. i^^y;5rx$:fflVK Si^lxio'Vcm 

3 F-rt^:nMAlo.2Gao.8Nj;0^§®$'40:t 
y^Xhn-At. ryK-ri7)GaN®^4 0>fy^ 

nmioo^a-TomMLvt:. si^o. s/zmto^ 

[0 1 15]^V^T. ryH-rAlo.05Gao.95NJ: 

umizimmco^imm-hyt:^^ mtLx 

V\ i/c^O^^GaNtAlGaNTEi^i^^rSSI&^l 
[01 ie}mz^ ryK-n no. oiGao.99Nj;'5 

5, 
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>'^'y 'y7"X:f;l'^-3tf5:*c§ VMWgi^ 1 X 1 01 V 
c m3 H -r L?t P M A 1 0 . 2 G a 0. 8 N J: 0 =5:5 P iffl^ 

^ -yri^ 3 0 o^ry^:^ hn-A£7)M©rfi£:i;?-tt 
5. 

[0118] <5C^. /<y rx^yP=^-3&Jpiffl=^ 
r'y7"^J;0t>'h$VK A lo.oiGao,99N<tO^:5p 
M;y>fH^^0- li/mO]M'Cfi£;^$-tt5. ^iO® 

^mmm:/f^ vmttxupmi-^. ^ij. c:i7)p 
10 ^^ti-5::fci»T'^5, si&i^^ti-^Ji^ai^^'y 

K='f^^yrx^;U^E^-i7);^^=5r:^c;DM mm) 0^<y 

[0119] ^V^TMg^ 1 X 1 0i9/cin3 H-TL 
^cpMA 1 0. !Gao,8N^^40^yirxhn-At. 

r y H-r G a n ^ 4 o ^y h n- a t $:^(c«[ 

[0120]mt3. Piffl^'7-y K«^0±tc, Mg^l 
20 XI 02(i/cni3b'-rL:'::pMGaNJ:")^:5pia=? 

y^'^ 1 5 o:tyi^;^ hD-Aio]^r^:g$-it 
5, !Nftiu-i?^^coi^. A 1 GaN^ist^mm-m 
n<7)pm^ymizmtx. ^'N'yK^^-yrx^^p^ 

-cO/h$l^^fl:!H5^i<c2:pM=?y;5'^'«i:tT. -e 
OIW^ 5 0 0>j-y^x fa-AOTfc^< LTV^5;t 
IIMW::pffl=iy^^^V^(?9^^»;rm3&^< 
^:0pmStiff^Ll^^-5-y:?*5^^.^LT. 

mm^. m&d^^r-tmmzh^, 
[0121] \:ihizxo^zLxmimmi^i:mm-^ 
30 ;t^x->'^^0f^^o^a^r--'Jy^^:^f^^pM^^ 

^SfiJ^)Ei^^>l5E0ffit. RIE^StziOSiMcOP 
m::iy99hmt. pffl^^V'yHSt^x.y^y^L 
4jumc^Xh^-f7Tli^W^5'J yi^1^*^i:-r5. 

c:c7)j:atc. mimx^h±mi>zhm^xh^^-r^ 
m-y'jm^t^h^it^zx*). mm<7)m:^^hy 

40 [0 122] iJCfcrU-yv-'OTtC-^X^'^mt, RIE 
tCTX-yf-y:/^1tV\ nifflrjy^'^h®i7)^ffi$:^ai 
TithXX^tihnW^^XV^ATmzm^ 

■r^. -:firp{a3y:J'^ b^io'j y'jmm^z^tN \ t 
Aux^^xhpwmy^v^^rmzmm'h, pMg 

a t«Fi 5 -y ^;&^#^n5mtt^Jt LX 

a. W;t*fNi, Pt. Pd, Ni/Au, Pt/A 
u. Pd/Au^$:^tf5C:t3&f-C^&, nMGaNfc 
m Lv^5}--5 -y LTtiA 1 , 

Ti,W, Cu.Zn.Sn, I n#<?D^Jg^U<ti^ 

50 ^^^-ws^t^^r^s. 
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mmmm^mx. pmrn^^y^^-^^yf^y 
[0 1 24u:UicOc):dCLr. nmmtpm^t^rm 

[0 1251 Au/Snffli^X:?^>fTtT, 

mrn^z^m/s^^mth. ^^i^mzs i 02 i 
r 7 X -X r y r ( ^ 1 1 - b V y ^ 1 3{p jut f&i b ^ 

Wmz^\^X. W^Wm^^- OkA/cm^ 
Wm&A. OV-C. ^&:i3 6 8nm50^i^g*« 
5|^$ii. 100 0^fm±i?^»$:^L;'::. 
[01263 

times ujti^tc. *^-c*i^tt!ti!i 

(T/To) tClfcPH-^. ^T:Srf^iaS(K) . To : ^ 
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[01] ^mA\,z^h-mmmr>v-^m=mtm 

[02 3 ai^OU—ifS^^Wo 

[03 3 i^^\,z%h^m2<7yv-^m^mm 

[04 3 *^lC^§^e?>l7<^l^-ifS^tOli5i$: 



1 0 
1 1 
1 2 

13 
14 
1 5 
1 6 
1 7 
18 
1 9 
20 
21 
22 
23 
24 
25 



pm^^-/rm. 

mm'mm<r>pm9'7-jYm. 
pm^y^^vm. 

nM^^-yr®. 



[013 



[02 3 



177«»99KJ1 
IGbOaNftS 



.22:pA' tK ttS 





(20) 



!Nfia^ll-177 1 




233) «a 




